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The search for neurobiological explanations for human behaviours is in full flow, spurred on by the same reductionist philosophy and technological advances that are proving so dominant in the investigation of psychiatric diseases. Homosexuality is no exception, with recent studies reporting on its possible genetic basis (Hamer et al. 1993) and biological correlates (Byne & Parsons, 1993) . One area of research that has received much attention concerns neuroanatomical differences in homosexual compared to heterosexual men. Although the authors are always careful to point out the limitations of the data and the caution with which they should be interpreted, the implication is that these structural differences are causally involved in producing homosexual orientation. This viewpoint leads to a number of possible conclusions regarding homosexuality and homosexuals. For example, if their brains are different from heterosexuals, it might be decided that homosexuals:
(1) cannot be held responsible for their sexual actions and should be legally immune from discrimination; (2) should be viewed as a normal variant, perhaps akin to left-handed people; (3) should be redefined as suffering from a brain disease; or (4) require neurosurgical intervention. Before becoming embroiled in these far-reaching issues, it is necessary to ask how firm the evidence is upon which such arguments would be constructed.
THE NEUROANATOMICAL BACKGROUND
The experimental justification for research into structural brain differences associated with sexual orientation has come mainly from studies in rats. Several regions in the rodent hypothalamus are sexual dimorphic -that is, they are larger and contain more cells in one sex than the other (Bleier et al. 1982) . These nuclei lie in the pre-optic area and elsewhere in the hypothalamus, the best characterized example being the sexual dimorphic nucleus (SDN; Gorski et al. 1978) ; its equivalent in humans is called the first interstitial nucleus of the anterior hypothalamus (INAH 1; LeVay, 1991; Swaab et al. 1992) , also known as the intermediate nucleus (Braak & Braak, 1987) . (For a review of the complex anatomy and nomenclature of the human hypothalamus, see Saper (1990) and Swaab et al. (1993) .) It is generally assumed that their sexual dimorphism means that these nuclei have a major role in sexual and reproductive matters, a belief that has been supported by experimentally induced lesions, which produce changes in sexual behaviour. One important measure is the lordosis that can be produced in male rats by which they allow themselves to be mounted and which is interpreted as rodent homosexual behaviour. Lesioning the SDN in male rats, for example, has been reported to produce lordosis and to affect libido (De Jonge et al. 1989) .
These studies provided the rationale for studying the equivalent nuclei in human brain. In the event, the nucleus that was expected to prove sexually dimorphic, the putative human SDN (INAH 1), has only shown sex differences in one (Swaab & Fliers, 1985) out of three studies (Allen et al. 1989; LeVay, 1991) . While failing to replicate the finding of sexual dimorphism in INAH 1, Allen and colleagues reported on three other, previously unrecognized, nuclei, called INAH 2-4. They found that INAH 3, and possibly INAH 2, were sexually dimorphic (Allen et al. 1989) . The sexual dimorphism in INAH 3, but not INAH 2, has been confirmed (LeVay, 1991) . Sexual differences have also been reported for the corpus callosum and other inter-hemispheric tract, the anterior commissure (Allen et al. 1991) .
NEUROANATOMICAL DIFFERENCES IN HOMOSEXUAL MEN
With the identification of these apparently sexually dimorphic regions in human brain, and the evidence that the homologous structures in rodents are involved in sexual behaviour, attention turned to a comparison of these regions between homosexuals and heterosexuals. It was predicted that the morphological characteristics of these areas in homosexual men might be similar to that in (heterosexual) women, a prediction based in part on the simplistic assumption that homosexual men are, in hypothalamic terms, like women (Dorner, 1988) . The ability to carry out this work has come from the epidemic of AIDS, which has provided an unprecedented source of post mortem brain tissue from known homosexual men. There has been no equivalent availability of brains from lesbians and nothing is known of differences that might exist in the structure of their brains. However, the theoretical issues raised by the data to be discussed here would apply equally to any alterations that were to be found.
There have been three studies reporting structural brain differences in homosexual men compared with heterosexual men (summarized in Table 1 ). The first report was that of Swaab & Hofman (1990) . On the basis of the sexual dimorphism that had been found for the SDN (INAH 1) (Swaab & Fliers, 1985) , they predicted that any structural brain differences with regard to sexual orientation would affect this nucleus. However, the SDN was unchanged in homosexual men. Instead, a difference was identified in another hypothalamic nucleus, namely, the suprachiasmatic nucleus (SCN). The SCN was found to be larger and contained more neurons in homosexual men who had died of AIDS, compared with heterosexual men dying of other causes, and with a group of heterosexual men and women who had died of AIDS.
The study which caught the public's attention was that of LeVay (1991) , who examined the volume of INAH 1-4. He predicted, on the basis of the sexual dimorphisms found by Allen et al. (1989) , that INAH 2 and 3 would be smaller in individuals attracted to men (i.e. homosexual men and heterosexual women) than in those individuals who were attracted to women (i.e. heterosexual men and homosexual women). In fact, only INAH 3 showed a relationship with sexual orientation, being less than half the size in homosexual as in heterosexual men, such that the INAH 3 of homosexual men was similar in size to that of women (Table 1 ). These differences persisted when only men who had died of AIDS were included for comparison.
Allen & Gorski (1992) described a difference in homosexual men in the anterior commissure, a fibre tract just above the hypothalamus that conveys sensory information between the temporal lobes. Their rationale for measuring this structure was their previous finding that it is larger in women than men (Allen et al. 1991) . They argued that, since the anterior commissure is not thought to be involved in reproductive functions, any such changes would mitigate against a single brain structure being associated with sexual orientation, but rather that there are more widespread cerebral differences in homosexuals. The cross-sectional area of the anterior commissure in the midline was measured in 30 homosexual men, 30 heterosexual men and 30 heterosexual women, individually matched for age. In homosexual men, the anterior commissural area was 34 % larger than in heterosexual men and 18% larger than in heterosexual women. Correcting for total brain weight, its area remained greater in homosexual men than heterosexual men but was similar to that in women. The difference was also found when comparing the men in each group who died with or without AIDS. In summary, in homosexual compared to heterosexual men, three structures in the brain are reported to be different: one hypothalamic nucleus, INAH 3, is smaller (LeVay, 1991), while another, the SCN, is larger (Swaab & Hofman, 1990) , as is one of the connecting pathways between the cerebral hemispheres, the anterior commissure (Allen & Gorski, 1992) .
LIMITATIONS OF THE DATA
In all three studies, the measurements were carried out with the researcher 'blind' to the sexual orientation of the case. Potential confounders such as age, post mortem delay and coincidental neuropathologies were controlled for and can also be considered unlikely. HIV is known to be neurotoxic and to affect neocortical neuronal density (Everall et al. 1991) ; however, the complicating effect of HIV appears to have been removed by demonstrating similar changes in the subgroups matched for the presence of AIDS. The attention paid to these factors suggests that, though one may argue about their interpretation, the data appear to be methodologically and statistically robust. Certainly all the publications originated from eminent researchers and were published in first-rank journals. Before discussing what the results might mean, however, several technical issues remain to be highlighted.
There are well-known, yet often overlooked, problems with studies where sizes of brain nuclei or the number or density of neurons within a region are measured. For example, the type and duration of brain fixation prior to embedding of the tissue affects in a complex way the degree of tissue shrinkage, which in turn will affect parameters of size and cell density. It is, therefore, essential to control for these variables carefully between groups. The thickness of tissue sections, tissue staining and the method used for cell counting can also introduce bias into the analysis; for instance, by overestimating the proportion of large neurons. Although there are now procedures which largely overcome these problems (Pakkenberg & Gundersen, 1988) , they were not used in the studies of Swaab & Hofman (1990) or LeVay (1991) . Additionally, it is difficult to ensure that the orientation of tissue blocks, and of sections cut from each block, are comparable between cases. This is especially true for the hypothalamic region (Saper, 1990) and is compounded by the very small size of the nuclei being measured, e.g. 0-05 mm 3 for the female human INAH 3 (Allen et al. 1989 ). Clearly, sections cut at a tangent to the intended plane will not produce the correct value for the cross-sectional area of a structure (as used by Allen & Gorski, 1992) , and will be problematical if the volume of a structure is calculated by reconstructing it from a series of sections (as used by LeVay, 1991) . Thus, even though the analyses of all three studies were carried out blind to sexual orientation of the cases, and given that there is no reason to suppose that any of these confounding factors were systematically different between groups, they each provide a source of potentially erroneous data. Further discussion of these issues is hampered by the lack of experimental detail in the papers, especially that of LeVay (1991) .
There are methodological issues apart from the technicalities of morphometric studies. The matching of subgroups for the presence or absence of HIV does not wholly prevent this from being a confounding factor since the nature and course of the illness depends, to a degree, on how the virus was acquired. For example, at least in the USA, homosexual men who are dying from AIDS tend to have more complications and receive more care than people who become infected with HIV via drug use (Byne & Parsons, 1993) . Importantly, the neuropathological features of the two AIDS groups also vary (Lantos et al. 1989; Bell et al. 1993 ) and may, therefore, have affected the hypothalamic structures differentially. In addition, testosterone levels are reduced in HIV infection (Croxson et al. 1989) . This may confound measurements of hypothalamic nuclei that are regulated (at least in rodents) by gonadal steroids (Murakami & Arai, 1989) . This hormonal sensitivity occurs primarily during critical developmental periods, but there is evidence of persistent testosterone sensitivity in adult animals also (Commins & Yahr, 1984) . Moreover, the findings of Swaab & Hofman (1990) may be confounded by their subsequent report that SCN size varies considerably according to season . The seasonality effect illustrates the plasticity of the human brain and how component structures may be affected by many influences of which sexual orientation is but one candidate. A separate issue concerns the fact that the sexual orientation of the heterosexual men and women in these studies was assumed if the case notes did not indicate otherwise. The possibility of unsuspected homosexuality or bisexuality in these groups cannot be excluded. Indeed, the design and analysis of the studies is based upon sexual orientation being a dichotomous variable; more generally, the issue of the heterogeneity of sexual orientation and of homosexual behaviour is neglected. In this regard, the measured variables in all three studies showed a considerable overlap between heterosexuals and homosexuals. Either this indicates the presence of misdiagnosed sexual orientation in the samples, or else it precludes any of the changes from having a necessary or sufficient relationship with sexual orientation. Finally, none of the positive findings has been replicated (or refuted) by other workers studying a separate series of brains. They are, therefore, subject to the caveats applicable to all unconfirmed results obtained on small samples.
PROBLEMS OF DATA INTERPRETATION
These considerations together mean that the data of Swaab & Hofman (1990) , LeVay (1991) and Allen & Gorski (1991) should be viewed cautiously. Assuming the data themselves prove to be correct, important questions about their interpretation remain. The rodent work provides, at best, a modest rationale for the human studies for several reasons. The assumption that a male rat allowing itself to be mounted provides an adequate model of the diverse aspects of homosexuality in men is questionable. Also, the evidence for sexual dimorphisms in experimental animals is in places equivocal as is the evidence that selective lesions produce reliable effects of any magnitude on sexual behaviours. For example, the results of SDN lesions may reflect damage to the overlying hypothalamic area rather than to the SDN itself (Arendash & Gorski, 1983) . Neither, despite the description of INAH 1 given above, is it entirely clear which hypothalamic nucleus, if any, is the precise human homologue of the rodent SDN (Allen et al. 1989; Saper, 1990) , or to what extent cross-species anatomical or functional comparisons can validly be made. Finally, two of the areas found to be different in homosexuals, the SCN and anterior commissure, have not otherwise been linked to any aspect of sexuality, partly because the size of the SCN is not sexually dimorphic (Swaab & Fliers, 1985) while that of the anterior commissure remains uncertain (Demeter et al. 1988) . Any explanation for their involvement in sexual orientation is, therefore, largely a post hoc rationalization, notwithstanding the reasoning of Allen et al. (1991) ; conversely the nucleus, which was initially predicted to differ in homosexuals, the SDN (INAH 1) does not (Swaab & Hofman, 1990; LeVay, 1991) , and in this respect the original hypothesis has been falsified.
The overriding issue of interpretation, however, is the question of association versus causality. In very simple terms, the following three possible correlations between brain structure and sexual orientation can be envisaged. (1) Homosexual behaviour is indeed hard-wired and is caused directly by the differences in brain structure. Men are destined to be homosexual because, for whatever aetiological reason, the processes of neurodevelopment result in a nucleus or tract of abnormal size or neuronal constitution, and the effect of this difference is to produce a homosexual orientation. As LeVay wryly puts it, 'gay men simply don't have the brain cells to be attracted to women ' (LeVay, 1993, p. 121) . For example, the genetic locus that predisposes to male homosexuality (Hamer et al. 1993 ) might do so because it contains a gene encoding a hypothalamic growth factor, which is abnormal in these men. Within the overall standpoint of a causal connection between brain structure and sexual orientation, two further interpretations are possible. Either the data place homosexuality into a similar relationship with brain structure as other normal characteristics like handedness (Witelson & Nowakowski, 1991) and intelligence (Andreasen et al. 1993) , or they might mean that homosexuality comes into the same category as abnormal conditions exhibiting subtle histological differences, such as schizophrenia (Roberts, 1991) or dyslexia (Galaburda et al. 1985) . In other words, even accepting that there is a causal relationship between brain differences and homosexual orientation would not mean that homosexuality is a disorder, since the question of whether a difference in a biological variable is pathological or merely a normal variant requires many other factors to be taken into account (Reznek, 1987) . It may be, for example, that one could discover that predilections for particular heterosexual acts also each have a neuroanatomical basis.
(2) Homosexuality is caused by other processes, such as stress or parental characteristics; the pathogenic mechanisms also induce structural differences in the brain, which are an epiphenomenon and play no direct part in producing homosexuality. In passing, it is important to note that the prevalence of homosexual behaviour is undoubtedly determined in part by cultural factors (Byne & Parsons, 1993) . Any aetiological explanation of homosexual behaviour based on neuroanatomy would ultimately have to explain how such psychosocial factors exert their effects (see also Baron, 1993) . (3) Homosexual thoughts and/or behaviour lead to chemical and structural changes in the brain in the same way as many forms of experience, such as social deprivation and environmental complexity (Walsh, 1981; Martin et al. 1991) . For example, the promiscuous behaviour and associated lifestyle likely to have been common among homosexual men who die of AIDS may cause selective shrinkage of a subset of hypothalamic neurons or increase the calibre of anterior commissural fibres. Nothing in the current data allows any of these hypotheses to be confirmed or refuted. All that has been shown is a possible association between the size of certain brain regions and male sexual orientation.
The studies need to be replicated and extended, given their potential significance and current shortcomings. Attention should be paid to the methodological issues outlined here, ranging from the prospective acquisition of extensive personal, psychosexual and clinical details about the cases, through to more sophisticated morphometric analyses. Interpretation of the data would be helped by more conclusive and specific information on the functions of the affected structures, even if this has to be by extrapolation from rodents. It would also be of interest to examine other regions that are sexually dimorphic in rats, such as the ventromedial hypothalamic nucleus (Matsumoto & Arai, 1983) and to look for sex differences in innervation (Micevych et al. 1987; Simerly et al. 1987 Simerly et al. , 1988 , efferent connectivity (Finn et al. 1993) and synaptic organization (Raisman & Field, 1973) , which exist in rodents and which might accompany structural hypothalamic alterations in homosexuals. Although addressing these issues cannot greatly clarify the causality of any relationship between brain structure and male homosexuality, the findings would put the data regarding the brains of homosexual men on much firmer theoretical and empirical foundations.
CONCLUSIONS
The demonstration of differences between the brains of homosexuals and heterosexuals is a tangible and, on the surface, convincing example of how complex behaviours can be understood in biological terms. However, the significance of this 'hard-wired' explanation of sexual orientation depends entirely upon the quality and quantity of the data. At present, this does not warrant anything other than a very cautious discussion of its meaning. Even if one or more of the reported changes are confirmed, the causal nature of their association with homosexuality will remain to be demonstrated. This is likely to prove difficult. The danger is that the broader implications of the structural model -in terms of legal, ethical and even therapeutic issues -may be given greater attention than is currently justified.
